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Intr oduction: Volcanicplumeson Io consistmainly of
SO� gas,but aremadevisible by thepresenceof eithernon-
volatile dust or condensedparticles. Photometricstudiesof
oneplume(Loki) by Collins [1] indicatethatparticlesof sizes
from 0.01 � m to 1000 � m arepresent.StromandSchneider
[2] suggestedthatthebright envelopethatappearedin theul-
traviolet brightnessimagesof Io’s largestvolcano,Pele,may
betheresultof aconcentrationof particlesatashockfront. In
thepresentwork thedirect simulationMonteCarlo (DSMC)
methodis usedto show that dustparticulatesup to 0.1 � m
canreachthe canopy shock. A computationaloverlay tech-
niqueis usedto examinethefeasibilityof condensingvolatiles
forming the entrainedparticulatesobserved in Io’s volcanic
plumes. Preliminaryresultsshow that it may be possibleto
form condensatesof 0.1 � m at theshockfront.

Model: Thevolcanicplumeis assumedto beaxisymmet-
ric, have a uniform vent velocity of 1 km/s, and emerge in
thermalequilibrium at 650 K. The assumedvent diameteris
16 km for thecurrentsimulation;theeffectsof a smallervent
diameterwill bepresentedin theposter. Moredetailaboutthe
rarefiedgasdynamicsmodelmaybefoundin [3].

A computationaloverlaymethod,in whichtheparticlesare
treatedasa separatespecies,is usedto modelthegas/particle
flow. Wedistinguishbetweeninertdustgrainsconvectedalong
with the flow (via a free moleculardragcoefficient) andac-
tively growing condensateclusters(treatedsimply as large
molecules).For dust,dragon theparticlesis calculatedfrom
apre-calculatedfrozengasflowfield andthedustparticlesare
allowed to move accordingly;implicit in this methodis the
assumptionthattheparticleshave no effect on theoverall gas
flow (low dustmassloading).TheKnudsennumberbasedon
the diameterof the particulateis 10

�
-10

�
for micron sized

particlesand so it is reasonableto assumea free-molecular
dragcoefficient (eqn. 7.71 in [4]). The particulatesarealso
assumedto becold, spherical,have a densityof 1500kg/m

�
,

andbedilute enoughsothatthey would not collide with each
other.

Thegrowing clusters,however, arerepresentedasa sepa-
ratespeciesin theDSMC overlaymethod,andclustergrowth
occursin theplumevia monomer-clustercollisions.Theclus-
ter speciescollideseitherelasticallyor inelasticallywith the
gasmoleculesin apre-calculatedflowfield. Duringacollision,
a sticking coefficient, 0<� <1, is comparedagainsta random
numberto determineif themonomerwill congealinelastically
ontotheclusteror collide elastically. Thestickingcoefficient
could,in principle,beafunctionof severalvariablesincluding
relativecollisionvelocity, clustersize,andinternalclustertem-
perature.In that thesedependenciesareunknown, the range
overwhich � couldproduceclustersizesthoughttoexist in the
plume’s shockfront is examinedparametrically. In order to
determinethemaximumpossibleclustersizefor agivenclus-
ter density, thesticking coefficient is setto one. It is further
assumedthat the clusterscongealedas tight packed spheres

asopposedto diffusesnowflakes(ascouldbethecase).This
meantthat the clustersformed would have as small a cross
sectionaspossibleand thereforesuffer the fewestcollisions
possiblerepresentingthe lower limit of condensatesizesthat
couldbeproduced.

Results: Exampledustresultsareshown in Figs. 1 and2.
Figure1 illustratestheshapeof thegasandparticlejets. Fig. 2
showsthetrajectoriesof thedustin theplume.A concentration
of particlesat or nearthe canopy shockclearly appearsfor
0.01 � m particlesasa resultof the decelerationof particles
nearthe shock. The 0.1 � m particles,however, areheavier
andthereforetheincreasedinertiaallows thedustto risewell
above and then fall back throughthe shock. Theseresults
providestrongsupportto StromandSchneider’ssuggestionas
to thecauseof thebrightenvelopeappearingin theultraviolet
smoothedbrightnessimagesof Pele.

Fig. 3 shows the trajectoriesof several clustersfor an
� =0.1. The trajectoriesarequalitatively the similar to those
of the0.05 � m dust(Fig. 2). Theclusters,like thedust,pass
throughthe gasshockandcontinueup to analtitudeof 350
km and then fall back throughthe shock; however, they do
not form a distinctundersidecanopy. Therefore,thecluster’s
behavior seemsto indicatethat they arelarger than0.05 � m
at the shock. Also, Fig. 3 shows that the moleculescreated
further from the vent centertendedto intersectthe shockat
largerR. Theclustersizeasa functionof altitudeis shown in
Fig. 4 for two valuesof � . For a sticking coefficient of 0.1,
thesizeof a representative clusterat its maximumaltitudeis
seento beapproximately0.05 � m. Furthermore,themajority
of clustergrowth is seento occurin thefirst 50km (wherethe
gasdensityis greatest)with a second,smallergrowth period
comingattheshock.As onewouldexpect,for � =1 thecluster
grows muchfasterandthefinal sizeis larger, thoughthesame
generaltrend is observed in both cases.An ideaof the size
distribution alongthe shockfront canalsobe obtainedfrom
Fig. 4: the largestparticlesarethosewhich spendthe most
time in thedenseplumecorealongthesymmetryaxis.

Fig. 5 shows the dependenceof the averageclustersize
upon � at a constantaltitude(300 km) just below theshock.
For small � thegrowing clusterescapesthedensecoreof the
plumebeforegrowing appreciablyandthereforethefinal size
is very small; however, as � increasesthe growth is limited
moreby thetimespentin thecoreregion ratherthanthevalue
of � . It appearsthat even if � =1, the clusterscannotgrow
larger than 0.1 � m. If largergrainsareobserved,they likely
containnonvolatile materialor arediffusesnowflakes.
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Figure1: Shapeof thegasanddustparticlejets for different
particlesizes:d=0.01� m (top) andd=0.1� m (bottom). Note
that particle locationsare representedby small dotsand the
bluecontoursindicategasdensityfield. A gasshockoccursat
310kmanddustconcentrationfeaturesmay occurat widely
differentaltitudes.
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Figure2: Trajectoryof differentsizedustparticles(d = 0.01
� m (top)and0.05 � m (bottom))with insetsshowing thevicin-
ity of the canopy shocknear the symmetryaxis. Note the
depositionring’s sizedependenceon the dustsize. The gas
densitycontoursarethesameasin Fig. 1

Figure3: Trajectoryof differentcondensates( � =0.1)with in-
setshowing the vicinity of the canopy shock(blue) nearthe
symmetryaxis. The gasdensitycontoursarethe sameasin
Fig. 1
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Figure4: Condensatesizevs. Altitude for varyinginitial con-
densateradialpositionsat theventandtwo differentvaluesof
� . GreenLinesare � =1, Redare � =0.1.
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Figure5: Averagecondensatesizevs. � at the shock. The
barsrepresenttherangeof sizesobtained.
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